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Cat colony records for the period 1991 to 2011 were used to determine spatial characteristics and
relationships between cat colony density, human population, social conditions and the physical envi-
ronment. Results show a positive correlation between cat colonies, population density, social indicators
and the types of land where they are located. A temporal increase in the density of cat colonies is
noticeable in areas where they are frequently reported, supporting the hypothesis that cat colonies are
a persistent feature of Auckland’s urban landscape. Complementing an earlier paper on stray cats, this
paper seeks to provide information to support the implementation of management measures to mitigate
both social and animal welfare concerns.
 2012 Elsevier Ltd. All rights reserved.Introduction
As urbanization increases so too does the complexity of
humaneanimal interactions within the urban landscape. To date
the causes and impacts of such interactions are little understood
(Magle, Hunt, Vernon, & Crooks, 2012). However, urbanization has
been shown to increase populations of some animals, especially
those closely associated with human colonization (van Rensburg,
Peacock, & Robertson, 2009) to the detriment of overall biodiver-
sity (Shochat et al., 2010).
Domestic cats (Felis catus) are an intrinsic component of
contemporary human society kept for both functional (e.g. rodent
control) and relational (e.g. companionship) reasons (Bernstein,
2005). As human populations become more urbanized, the cat
population is increasing, in part due to the perception they are
easier to care for than dogs (Gelson, 2010), but also due to an
increase in anthropogenic food sources (Liberg, 1980). Cats are New
Zealand’s most popular companion animal (pet) with an estimated
number in excess of 1.4 million and a household ownership level of
48% (MacKay, 2011). In Auckland, New Zealand sterilization rates
for owned cats are high (McKay, Farnworth, & Waran, 2009)
however many cats are also free-roaming (Farnworth, Campbell, &
Adams, 2010). As for other nations (e.g. Israel: Finkler & Terkel,
2012) there is no requirement for cats to be conﬁned or licensed
in New Zealand. In this regard the unowned cat population is. Aguilar), mfarnworth@
All rights reserved.relatively persistent because, as shown in other nations, it is likely
to be supported by abandonment of unwanted cats and reproduc-
tion with the unsterilised owned cat population (Bradshaw,
Horsﬁeld, Allen, & Robertson, 1999; Robertson, 2008). Typically,
cat colonies can be considered to be “A group of three or more
sexually mature animals living and feeding in close proximity to
one another” (Slater, 2005). Colonies are often semi-owned
(Toukhsati, Bennett, & Coleman, 2007) or managed by interested
parties (Tennent, Downs, & Bodasing, 2009) however, a substantial
number of colonies are not managed. When resolving unmanaged
cat colonies reported by the public, available information including
the age, number and sex of the animals, is often limited. Therefore,
for the purposes of this research, we propose that an unmanaged
colony should be considered as: “Three or more individual cats and/
or kittens reported to be permanently resident in a given location
and with no discernible owner or caregiver”. Therefore they can be
considered as distinct from the stray cat population reported in an
earlier paper (Aguilar & Farnworth, 2012).
Unmanaged colonies persist due to a combination of factors
including suitable environments, the presence of reliable food
sources (Hansen, 1994; Morgan et al., 2009) and a reproductively
viable owned cat population (Slater et al., 2008a). These conditions
are consistently present in urban areas and therefore population
growth is relatively unhindered. The welfare of unmanaged cat
colonies is of concern in that they may only receive ad hoc care, are
often in poor condition and have a lower survival rate (Robertson,
2008). In Melbourne Australia, health conditions of cats from
colonies were found to be generally poorer than non-colony cats.
They displayed signiﬁcantly increased incidences of cat ﬂu,
elevated ﬂea burdens and evident scarring (Marston & Bennett,
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notic diseases (e.g. Toxoplasmosis: Dabritz & Conrad, 2010). Animal
health related concerns include the possibility of endemically
infected colonies providing generators of new strains for domestic
cat pathogens such as Feline calicivirus (FCV) (Radford et al., 2003)
and Feline Immunodeﬁciency Virus (FIV) (Spada et al., 2012). FIV
prevalence showed a signiﬁcant increase over a three year period in
a cat colony in Rio de Janeiro, Brazil. (Mendes-de-Almeida, 2007).
Free-roaming and feral cats also provide a signiﬁcant source of
public nuisance (Patronek, 1998). Colonies of cats may be particu-
larly problematic when they occur within the proximity of native
wildlife reserves although urban colonies still have a signiﬁcant
impact of local fauna (Baker, Bentley, Ansell, & Harris, 2005;
Lepczyk, Mertig, & Liu, 2003). Flux (2007) reported that in seven-
teen years a single pet cat in New Zealand killed 558 individual
animals, of which 223 were birds, 54 of which were native. New
Zealand’s indigenous avifauna is poorly adapted to introduced
mammalian predators. As a result the impact of cats is not only
potentially negative but may be devastating even in low numbers
(e.g. King, 1984). All of these factors result in a need for environ-
mental protection and cat population management. Perceived
nuisance increases negative public perceptions of cats leading to
a marked reduction in public sympathies which, in turn, may
increase support for less humane or lethal management processes
(Farnworth, Campbell, & Adams, 2011).
Effective and humane resolution for unwanted and unmanaged
cat colonies may function to improve the welfare and public image
of cats in general. Most commonly, Trap-Neuter-Release/Return
(TNR) is utilized and has been shown to work if all available
females are sterilized on a biannual basis (Mendes-de-Almeida
et al., 2011). However research indicates that public support for
TNR is less strong in New Zealand (Farnworth et al., 2011) when
compared to other countries (Natoli et al., 2006). A recent review
of TNR has also concluded that many of the claims made in its
support are either not broadly applicable, demonstrably false or
unquantiﬁable (Longcore, Rich, & Sullivan, 2009). Whether or not
this is the case, there is little evidence that on-going TNR
programs result in extinction of colonies (Slater et al., 2008b). To
compound matters further the cat is also a registered pest in some
regions of New Zealand (Farnworth, Dye, & Keown, 2010). There-
fore, returning unowned animals to unmanaged colonies may be
questionable on legal as well as ethical and welfare grounds.
Resolution of the problems associated with a persistent stray cat
population may be best served by removal and rehoming of
socialized adult cats and actively socialized kittens (Casey &
Bradshaw, 2008). In the event that the animal is unable to be
rehomed, and is not from a managed colony, humane euthanasia
may be the most suitable alternative.
Stray cats have been shown to be strongly associated with
population density and social deprivation indices in Auckland New
Zealand (Aguilar & Farnworth, 2012). This is yet to be established
for cat colonies which may represent more persistent features of
the urban landscape. Therefore the determination of social and
ecological space and cat colony characteristics are critical. It will
allow identiﬁcation, visualization and prioritization of areas of
concern in terms of both animal welfare and wildlife protection.
The availability of data from 1995 to 2011 on unmanaged cat
colonies within the Auckland region provided an opportunity to
establish a geographic information system (GIS) for building such
an approach. As these colonies were actively resolved, the data
provide a valuable insight into the numbers of such cats, especially
as individuals often underestimate the colony’s size, even if closely
associated with it (Jones & Downs, 2011). It will also allow exami-
nation of the distribution characteristics of cat colonies and the
social and environmental factors that may be relevant.We hypothesize that cat colonies are strongly associated with
human habitation and may correlate with social characteristics
represented by indices such as the New Zealand Deprivation Index
or NZDI (Salmond, Crampton, & Atkinson, 2007). Based on the 2006
census the parameters are referred to as “dimensions of depriva-
tion” and include as variables (in order of decreasing weight), home
ownership, employment status, age, qualiﬁcations (New Zealand
term for the level of education), living space, access to communi-
cation and access to a car (Salmond, Crampton, King, &Waldegrave,
2006). In addition we propose that colony numbers may be
increasing, becoming more persistent in some urban areas and
expanding their range into others. The latter hypothesis is consid-
ered in light of colony proximity to areas of signiﬁcant ecological
value.
Methods
Data collected over a period of 20 years (1991e2011) by the
Lonely Miaow Association Incorporated were processed for GIS
analyses. The data consisted of spreadsheets recording public
reports of cat colonies, with addresses, date of response and the
number of cats or kittens rescued. Addresses were geocoded using
publicly available geocoding engines to provide point features for
spatial analyses. In some instances, only areas and not addresses
were provided. In this case, the coordinates defaulted to the
coordinates of the area returned by geocoding resource, either the
centroid of the ofﬁcial census area unit or the centroid of the mesh
block, which is the smallest census area in the New Zealand census
system. The geocoded point features were then spatially joined
with the ofﬁcial census area units of the Auckland region. This
allowed the measurement of cat colony density per unit area (km2)
that provided a dependent variable for the subsequent analyses.
Distribution characteristics of cat colony densities were mapped
for the entire period. To show whether a temporal increase in
density was evident, the densities were aggregated for four time
intervals (1991e1999, 2000e2003, 2004e2007 and 2008e2011).
This also allowed determination of changes in distribution of cat
colonies over the 20 year period. The aggregation was also neces-
sary to determine whether speciﬁc areas consistently showed
higher or lower densities for the time intervals.
Data on human population density were sourced from the
ofﬁcial census statistics. The New Zealand Land Use Map of 2008
was used to provide information on the physical environment.
A hotspot analysis of cat colony distribution was then under-
taken using the Getis Ord Gi*. The “hotspots” refer to an area with
relatively higher concentrations of cat colonies as compared to
surrounding areas, whereas “coldspots” indicate the opposite. The
major diagnostic value for determining the hotspots are the z-
scores and p-values of the analysis (Getis & Ord, 1992; Ord & Getis,
1995, 2001). The Gi* statistic returned for the feature in the dataset
is a z-score. For statistically signiﬁcant positive z-scores, the larger
z-score represents more intense clustering of high values (hot-
spots). For statistically signiﬁcant negative z-scores the smaller the
z-score the more intense the clustering of low values (coldspots).
For this analysis, p-value was set at p< 0.05. Related applications of
spatial clustering using the Gi* statistic include ecology and species
distributions (Dennis, Aspinall, & Gordon, 2002; Rissler & Smith,
2010; Shaker, Craciun, & Gradinaru, 2010), diseases (Kao, Getis,
Brodine, & Burns, 2010) and historical analysis (Zhang, Wong, So,
& Lin, 2011).
While the Getis Ord Gi* statistic is useful for identifying hotspots
and coldspots, speciﬁc areas that exhibit statistically signiﬁcant
spatial outliers can only be identiﬁed by the Anselin’s Local Moran’s
I approach (Anselin, 1995). Anselin’s Local Moran’s I measuring
similarities or dissimilarities in the parameter’s values with the
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Euclidean distance measurement was employed as options in the
analysis. Groupings of positive I values with signiﬁcant z-scores
showed evidence of clustering while groupings of negative spatial
autocorrelation indices provides an argument for a lack of clus-
tering. A minimum of six signiﬁcant positive indices in close
proximity were used as evidence of clustering, similar to the work
of Schuurman, Peters, and Oliver (2009). To further characterize
results of Anselin’s Local Moran’s I, areas with statistically signiﬁ-
cant indices (p-value < 0.05) are classiﬁed using local and global
mean cat colony densities (local mean refers to the average cat
colony density using the area’s neighbourhood): HH for areas with
local means higher than the global mean; LL for areas with local
means lower than the global mean; HL for areas with values higher
than the local mean and; LH for areas with values lower than the
local mean. (Mitchell, 2005)
The kernel density of cat colony locations was determined to
show the relative density distribution over the area. The kernel
density calculation produces a surface raster that ﬁts a smoothly
curved surface over each point. A value of a raster cells is deter-
mined by a quadratic kernel function that uses the location of each
cat colony as an input coordinate (Silverman, 1986). Overlaying the
kernel density surface over layers of population density and land
use types provided an initial visualization of possible relationships
between the cat colonies, the human population and the physical
environment.
The Ordinary Least Squares (OLS) tool was used as a means to
determine the relationship between cat colony density and the
explanatory variables including population density, a measure of
socioeconomic conditions represented by the New Zealand Depri-
vation Index of 2006 (NZDI) (Salmond et al., 2006) and the physical
environment using the New Zealand land use map of 2008. As
a global diagnostic, the OLS as implemented in ArcMap provides
several statistical measures useful for evaluating the results of the
analysis. This work follows the approach in Mitchell (2005) as well
as the OLS component of the work of Naparus¸ and Kuntner (2012).
In case where the model determined by OLS is indicated as mis-
speciﬁed by the diagnostic tools included, local regression using the
Geographically Weighted Regression (GWR) is utilized. GWR has
the advantage of providing the local r2, local standard errors, and
measures of signiﬁcance that provide a description of spatial
inﬂuences between variables (Fotheringham, Brunsdon, & Charlton,
2002; Legendre, 1993).
Results
A total of 1930 sites were visited following public reports. These
reports resulted in a total of 5679 individual cats being rescued or
removed. For the period 1991e2011, the mean number of cats per
colony was 4.42. The data were divided into speciﬁc time periods
for convenience in displaying temporal variation. The time intervals
were for three years, with the exception of 1991e1999 because of
the small number of early records. An increase in the number of cat
colonies and the number of cats or kittens as shown in the record is
evident (Table 1). Such an increase may be a result of the enhanced
awareness of the public and improved efﬁciencies in reporting and
data collection.Table 1
Summary of cat colony data for Auckland from 1991 to 2011.
Number Year
1991e1999 2000e2003 2004e2007 2008e2011
Reported cat colonies 131 569 536 694
Rescued cats/kittens 144 915 2218 2402Cat colonies were primarily concentrated within, or adjacent to,
the former Auckland City boundaries with secondary clustering by
the adjacent western area of the formerWaitakere City. These areas
are the most urbanized with the highest population density,
commercial activity and industrial zones. The Land usemap of 2008
shows the different area types. The Auckland central area consists
mainly of settlements surrounded by grassland and forest areas
that coincide with lesser population density and at ﬁrst glance, also
lesser cat colony density (Fig. 1).
Overall 75% of all reported colonies were found within resi-
dential zones, 10% within commercial zones and 12% across
hospitals, schools and restaurants with the remainder in country-
side or beach locations. When aggregated for the entire period the
higher cat colony densities (colonies per square kilometre calcu-
lated per unit census area) were also found to be located within the
Auckland City boundaries with the Eastern most suburbs showing
the greatest densities. Over the speciﬁed time intervals, it can be
seen that the cat colonies show a spreading characteristic or
increase in the areas reporting the presence of cat colonies
throughout the region. Also evident is the consistent increase in the
densities at areas where they are persistent (Fig. 2).
The results of the Getis Ord Gi* analysis show deﬁnite hotspots
and coldspots of cat colonies densities in the study area. Consistent
with the earlier observation of greater densities in the urbanized
areas of Auckland, the hotspots (characterized by red in Fig. 3 in the
web version) indicate signiﬁcant clustering of high values in the
central areas while areas north and south are signiﬁcant coldspots
(characterized by blue). When the different time interval periods
were plotted, results showa focusing of the hotspot or narrowing in
the central area. The hotspot results support the previous density
distribution providing signiﬁcant proof of the concentration of cats
in the central Auckland City areas.
Anselin’s local Moran analysis showed the local area charac-
teristics in the form of cluster/outlier types (COType). Results show
that the HH types occur within the hotspot identiﬁed by the Getis
Ord Gi* statistic. Areas that show the HH types appear to be
consistent throughout the time deﬁned time intervals (Fig. 4). A
COType of LH is shown near the eastern boundary of Auckland City
which is near Waitakere ranges. This is of concern since this is an
area of high biodiversity and conservation in this area involves the
control of mammalian predators.
Results of the ordinary least squares analysis for determining
the correlation between cat colony and population density show
that the resulting t-statistic (7.206; p < 0.001) indicates that the
coefﬁcient is signiﬁcantly different from zero, which in turn signals
that population densities are correlated with cat colony densities.
Both the Joint F-Statistic (51.926; p< 0.001) and JointWald Statistic
(53.082; p < 0.001) indicate that the model is robust. The Janque-
Berra (4405.863; p < 0.001) statistic shows signiﬁcant p-values
requiring the determination of Moran’s I for checking spatial
autocorrelation. Results of Moran’s I (0.004; p ¼ 0.838) indicate
that spatial autocorrelation is not present in the relationship
between cat colony density and population density. This is indica-
tive of some degree of consistency in the relationships between
population density and cat colony density in both data and
geographic dimensions.
When the kernel density was generated and combined with the
land usemap of the area, the surface plot showed the concentration
of the colonies within the area classiﬁed as Settlements (Fig. 5).
With most of the higher values for cat colony densities obviously
found within Settlement areas, there was no need for OLS or other
statistical tool to establish a relationship.
In terms of the socioeconomic conditions represented by the
NZDI of 2006, the t-statistic (5.646; p < 0.001) also indicates
a relationship where the coefﬁcient is signiﬁcant and a positive
Fig. 1. Cat colony locations from 1991 to 2011, population density of Auckland and the land use classiﬁcation of 2008 (clockwise starting from the large map).
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Both the joint-F (31.880; p < 0.001) and joint-Wald (15.776;
p < 0.001) indicate the robustness of the model but the Koenker
(BP) (12.618; p < 0.001) is signiﬁcant, requiring the use of robust t-
statistic (2.615; p ¼ 0.010) values for evaluation. The robust t-
statistic indicates that the coefﬁcient is still signiﬁcant. The value of
the Koenker (BP) statistic (1.086; p ¼ 0.483) is not signiﬁcant and
shows evidence of the absence of non-stationarity. The Janque-Bera
(18,342; p < 0.001) statistic is signiﬁcant requiring the use Moran’s
test on the residuals to test for spatial autocorrelation. The value of
Moran’s I (0.000; p ¼ 0.044) is signiﬁcant, indicating spatial
autocorrelation although the p-value is quite close to the cutoff
level of signiﬁcance. This latter result prompted the use of local
regression using GWR to determine if a better model could be
derived. Results of GWR showed an AICc of 88868.937 which is less
than the OLS AICc of 89070.819. With a difference of more than 3,
the GWR provides a better description of the relationship between
the levels of deprivation and cat colony density. Low values of r2
shows a weak correlation between cat colony density and the NZDI
indicating only a small measure of dependency between these
variables. This is reﬂected in the local r2 map of GWR results where
the highest values are shown in a relatively small area east of the
central city district which is also the location of the highest cat
colony densities (Fig. 6).
Discussion
The availability of long term data with location information
provides a signiﬁcant contribution towards understanding thedynamics of unmanaged cat colonies. There appears to be signiﬁ-
cant evidence that they are becoming a persistent feature of the
Auckland landscape. This is even more important when their
spatial distribution is directly related to the human population
density, the physical characteristics of the environment and
socioeconomic conditions. For organizations such as animal
welfare charities, the consistent collection of data with geographic
co-ordinates provides a valuable contribution towards a better
understanding. This includes more informed decision making
around humane management of previously unmanaged cat colo-
nies and the development of policies to address such decisions. In
turn, thesemay lead to advances in free-roaming cat welfare as well
as improvements in targeted community education and human
health and well-being.
The data collected demonstrated greater numbers of reports in
later years. This may have been affected by several factors which
include: increased awareness of the charity and the services it
offers; advances in telecommunications technology and facilities;
increases in the number of cat colonies; increased perception of, or
heightened concern for, animal welfare. This research was focused
only on the available data, hence any assumptions of conclusive or
deterministic trends such as cat colony growth or increased ease of
reporting are, at this stage, provisional and should be subjected to
future research.
As reporting comes directly from the public the correlation
between colony density and human population density may
simply reﬂect a greater likelihood of report. However other
research shows that outside dense human habitation the cat
population is substantially lower (e.g. 0.7 cats/km2 Kangaroo
Fig. 3. Hotspots of cat colonies over the period 1991e2011.
Fig. 2. Density of cat colonies in Auckland from 1991 to 2011 with densities at different time periods (1991e1999, 2000e2003, 2004e2007 and 2008e2011).
Fig. 4. Anselin’s local Moran I COType map results.
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compared to inhabited areas (e.g. 223 cats/km2 Dunedin, New
Zealand; van Heezik, Smyth, Adams, & Gordon, 2010). Although
our correlations between the cat and human populations agreeFig. 5. Plots of cat colony density with the NZDI 2006with ﬁeld surveys outside New Zealand (Ferreira, Leitão, da
Santos-Reis, & Revilla, 2011) further work, involving monitoring
colony sites is necessary to validate and improve the results of this
work in local and national contexts.and cat colony kernel density with land use types.
Fig. 6. GWR results with local r2.
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ration shows persistent cat colony presence consistent with pop-
ulation density and land use types. We can therefore conclude that
cat colonies are currently a persistent feature of Auckland’s land-
scape, intrinsically linked to the human population density and
settlement areas. As for Aguilar and Farnworth (2012), some
evidence points to linkages with the conditions represented by
NZDI which may affect persistence of cat colonies. However, the
weak statistical relationships found present a future challenge that
may involve dissecting or disaggregating the elements that make
up the index to discover more consistent relationships between
individual NZDI indicators and the persistence of unmanaged cat
colonies. It is important to note that the data used in Aguilar and
Farnworth (2012) and this research come from different sources.
It may be that the location and geographic inﬂuence of the two
charitable organizations has some impact on where cats are re-
ported and found. A combined exploration of the two data sets may
therefore be warranted.
While there is no evidence of the high density areas spreading
or expanding (HH areas), the increasing trend of densities in the
same areas point to conditions that allow increases in cat colony
densities. Of particular interest in terms of animal welfare and
biodiversity is the presence of an LH area near western areas of
Auckland (Waitakere). Fereirra et al. (2011) suggests that home
ranges are signiﬁcant enough to allow regular incursion to nearby
areas of conservation. Urban fringe exclusion zones have been
estimated to be 1.2 km to prevent incursion of cats into sensitive
areas (Metsers, Seddon, & van Heezik, 2010). With the Waitakere
ranges regional park undergoing ecological restoration and pest
mammal control efforts, the presence of nearby cat colonies and the
trend of increasing densities provide a realistic threat to this area
and on-going efforts to protect native fauna in managed areas such
as ‘Ark in the Park’ that is found within the Waitakere Ranges (see
Fig. 5).
Conclusions
This research identiﬁes several areas of high and persistent
unmanaged cat colony density. Results of hotspot and cluster
analysis showed distinct clustering of cat colonies in areas withhigher population density. This provides an opportunity to focus
interventions to address the issue especially since limited resources
are available. Education campaigns and information awareness
efforts in these neighbourhoods, which are relatively higher
density residential areas with a high deprivation index, may be
a more efﬁcient utilization of public and private resources as
compared to a blanket or area wide approach. Currently, unlike
some areas of Australia, New Zealand does not have stringent
controls in place to manage the cat population. In Australia, these
measures include curfews and containment of companion cats
(Toukhsati, Young, Bennett, & Coleman, 2012). As New Zealanders
have a generally ambivalent attitude towards cats (Farnworth et al.,
2011), it may be pertinent to begin dialogue similar to that of Lilith,
Calver, Styles, and Garkaklis (2006) which focused on public
support for cat population management options in Australia. For
Auckland, discussion could be centred on the concerns of the public
in areas identiﬁed as having high densities of unowned cats. An
early proactive approach to ﬁnding solutions may allow open
discussion of humane alternatives such as compulsory registration
and identiﬁcation of cats, TNR and exclusion zones around areas of
signiﬁcant ecological value. Effective population control is likely to
require an integrated approach across a number of private and
public entities. The increasing density and persistence of cat colo-
nies suggests current strategies may not be working.
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